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Abstract
A field study was carried out in order to determine the effect of rates and split application potassium (K) fertilizer
on throughout vegetative growth stages of Virginia E1 (flue-cured) tobacco plant (Nicotiana tabacum L.). A
randomized complete block design with ten treatments and three replications was applied at Rasht Tobacco Research
Station in Guilan province, Iran. The results of analysis of variance for treatments showed that the entire nutrient uptake
of leaf tissues was significantly altered by soil application of K fertilizers except P. Application of K fertilizer increased
nitrogen and K and decreased calcium (Ca) and Magnesium (Mg), significantly, that can be related with competition
between K, Ca and Mg in their uptake or use by tobacco. Furthermore, rates and split application of K fertilizer on
chemical quality parameters and yield had significant effect on dry weight, sugar, nicotine, quality index and yield, but
it had not any significant effect wet weight and Chlorine. Application of K fertilizer significantly increased the dry
weight, sugar, quality index and yield, and significantly decreased nicotine content in comparison with control
treatment. In general, the effect of K fertilizer on yield and quality characteristics of tobacco was not dependent on split
application of K fertilizer.
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1. Introduction
Potassium (K) is a major nutrient that plays
an important role in several metabolic processes
such as protein synthesis and osmotic adjustment
[16]. K is essential for healthy normal growth of
tobacco plants and is known as an element of
quality in terms of leaf color, texture and
combustibility. Range of sufficient K concentrations
in upper parts of tobacco at the mid of the
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vegetation season is 25 - 45 mg/kg dry matter [20].
Leaf produced with high K is smooth and thin with
improved fire holding capacity [10]. Low K content
in flue-cured tobacco leaves and the low economic
benefits of flue-cured tobacco have been a big
problem in tobacco production because of
inadequate fertilization [11, 15]. Chlorophobic crop
species such as tobacco should not be fertilized with
potassium chloride. These crops should be fertilized
with potassium sulfate. If potassium chloride is
applied, it should be applied in autumn on soils that
contain sufficiently high concentrations of K+-
selective binding sites in the rooting zone. In such a
case, the chloride may be leached by winter rainfall
[20]. The quantity of K fertilizer applied in culture
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of tobacco may exceed two to three times that
required for maximum yield. This additional amount
is justified based on the widely held opinion that
improvements in quality continue to occur from
rates of potassium beyond those required for
maximum yield [19]. K fertilization (112 kg K/ha)
increased the cured leaf yield and its market value
about l2 % over the control [14]. Burning quality
can be drastically changed by K content [6].
Over 2500 compounds have been found in
tobacco, among which alkaloids and terpenoids are
the major groups [22]. Nicotine is a major alkaloid
in tobacco leaf tissues. Nicotine concentration is a
key index for evaluating the quality of tobacco [5].
Nicotine content of cigarette smoke was reported to
decrease with increases in K rates [12].
Despite the economic importance of tobacco in
northern Iran, there is limited study [3] on the
response of its growth, yield and quality. Farrokh et
al. [7] was investigated the effect of nitrogen and
potassium fertilizers on the wet and dry weights of
flue cured tobacco components, cultivar Coker 347
at the Tobacco Research Institute, Rasht, Iran. Their
results showed that the effect of potassium on dry
leaf yield (the weight of dry leaves) and green leaf
yield (the weight of wet leaves) were significant.
The purpose of the present study was to
evaluate the effects of K fertilizer and its
distribution in stages of cultivation.
2.Material and Method
Site description, weather conditions and
soil properties
A field experiment was conducted at the
experimental farm of the Rasht Tobacco Research
Station lying in 37° 16´ northern latitude and 49°
31´ eastern longitude, in Guilan province of Iran.
Mean annual precipitation at the nearest
meteorological station (Rasht synoptic station) is
1359 without any dry season. Average of annual
temperature is 16°C, and average of annual relative
humidity in percent is 81.5, and with high relative
humidity especially in the summer (94%). Fig. 1
shows the precipitation, temperature and relative
humidity data for Guilan Tobacco Research Center
during the growth season of tobacco as month
period in cultivation season were recorded. The soil
of experimental site has a Sandy loam texture. That
is poor in organic matter, CEC and the pH of its
saturated paste is 5.3. Table 1 shows some physical
and chemical characteristics of used soil.
Table 1. Some physical and chemical characteristics of used soils
Texture (%)
sand silt clay SP
 a pH ECe
 b
(dS.m-1)
OC c
(g.kg-1)
N
(g.kg-1)
P
(mg.kg-1)
K
(mg.kg-1)
CEC d
(cmol+.kg-1)
56 26 18 28 5.3 0.29 5.9 0.6 73 241 12
a SP= soil moisture percentage; bECe= Electrical Conductivity; cOC= Organic Carbone; dCEC= Cations exchangeable capacity.
Plant culture, treatments and laboratory
analysis
This study was conducted on flue-cured
tobacco plant (Nicotiana tabacum L.) cultivar
Virginia E1. In order to prepare the soil for tobacco
cultivation, the experimental site was ploughed at
the depth of 30 cm. After application of Eradican
herbicide in the level of 5 liter per hectare (2 : 1000)
a rotary was applied. Seedlings of Virginia flue-
cured tobacco cultivar were transplanted in
experimental plots having 30 m2 areas (5 × 6 m).
The transplanting accomplished when the tobacco
seedlings had the height of approximately 15 cm.
Basal fertilizer was applied annually over the
whole experimental area and consisted of 52 kg N
ha-1 and 96 kg P2O5 ha-1 and potassium fertilizer wasapplied in four levels (0, 100, 150 and 200 kg K2O
ha-1). Potassium fertilizer was divided by three
stages (3, 30 and 70 days after seedling), so, ten
treatments were formed (table 2). The commercial
fertilizers used were ammonium nitrate (34.5% N),
triple superphosphate (46% P2O5) and potassium
sulfate (50% K2O) in the middle of the ridge at 15
cm depth. In the first stage of fertilization (three
days after seedling), two-thirds of the nitrogen
fertilizer, whole of the phosphorous fertilizer and
the potassium fertilizer based on treatments were
added. In the second stage of fertilization (thirty
days after seedling), one-thirds of the nitrogen
fertilizer and the potassium fertilizer based on
treatments were added, simultaneously. In the third
stage of fertilization (seventy days after seedling),
the potassium fertilizer based on treatments were
added. Leaves were harvested at four times (on 20
July, 3, 11 and 21 August). Wet leaves were
weighed, immediately. Afterwards, samples at 70
°C for 96h, in a forced-air oven were dried and dry
weight was determined. Total nitrogen was analyzed
employing the Kjeldahl procedure [4]. Some of
samples were burned in an electrical furnace and
their ashes were used for the elemental and chemical
determinations. Chlorine (Cl) concentrations of the
extractions were determined using titration method
[1]. Macronutrients such as K, phosphorous (P),
Calcium (Ca) and Magnesium (Mg) were
determined after dry ashing of 1 g of the samples at
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500°C, overnight, and dilution of the ash in 2N HCl
[2]. Potassium was determined by flame emission
spectroscopy, P by the molybdenum blue-ascorbic
acid method by spectrophotometer [23], and Ca and
Mg by atomic absorption spectroscopy.
Nicotine was measured using CORESTA
recommended method no. 35 (ISO/DIS 15152). In
this method, an aqueous extract of the tobacco was
prepared and the total alkaloids (as nicotine) content
of the extract was determined by reaction with
sulphanilic acid and cyanogen chloride. Cyanogen
chloride was generated in situ by the reaction of
potassium cyanide and chloramine T. The
developed color was measured at 460 nm. [27].
Reducing sugar was measured using CORESTA
recommended method no. 38 (ISO/DIS 15154). In
this method, samples (containing sucrose) were first
hydrolyzed by invertase to form reducing
monosaccharides. Reducing sugars reacted with p-
hydroxybenzoic acid hydrazide (PAHBAH) in an
alkaline media to form a yellow color measured at
410 nm. Calcium was used to enhance the color
development [28].
Quality index was determined by estimating
and grading visual and physical characteristics such
as cured leaf color, uniformity of color, luster,
lightness, size, shape, body, texture and
hygroscopicity [13].
Statistical analysis
The experiment was performed as a
randomized complete block design (RCBD), with
three replication. Statistical analysis of data
including analysis of variance, and comparisons of
means was performed by using SAS program [29].
Comparison of means was carried out using Duncan
multiple range test procedure at P < 0.05.
Figure 1. The amount of precipitation, temperature and relative humidity for Guilan Tobacco Research Center during
the growth season.
Table 2. Different treatments
Dose rates of K2O (kg.ha-1)Treatments Total Dose rates of K2O(kg.ha-1) Stage 1a Stage 2b Stage 3c
T1 0 0 0 0
T2 100 100 0 0
T3 100 50 50 0
T4 100 50 0 50
T5 150 150 0 0
T6 150 75 75 0
T7 150 75 0 75
T8 200 200 0 0
T9 200 100 100 0
T10 200 100 0 100
a three days after seedling; b thirty days after seedling; C seventy days after seedling
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3.Results and Discussions
Effects of potassium fertilizer on leaves
nutrient composition
Analysis of variance (ANOVA) for treatments
showed that all of the nutrient uptake of leaf tissues
were significantly altered by soil application of K
fertilizers except P. Application of K fertilizer and
its split application in stages of cultivation had
significant effect (p < 0.05) on N, Ca and Mg and
significant effect (p < 0.01) on K (table 3). The
comparison of mean for treatments on N content
showed that the treatment of T10 and T1 had
maximum and minimum levels of N contents (table
3). The increase K fertilizers in soil caused N
content increased in plant. The split application of K
fertilizer in the third stage had higher N content in
comparison with second stage, but this increasing
was not significant. Gu, et al. [9] were reported that
the N content in cured leaf reduced with the K rate
increased. The comparison of mean for treatments
on K content showed that the treatment of T9 and
T1 had maximum and minimum levels of K
contents (table 3). Split application of K fertilizer
had not any significant effect on K content except
T9 treatment. Hu et al. [11] were reported that K
fertilizer application had significant effects on the K
content in upper, middle, and bottom leaves.
K fertilization significantly altered the Ca
content of leaves that based on the treatment of T1
and T9 had maximum and minimum levels of Ca
contents, while these treatments had minimum and
maximum levels of K contents. Antagonistic
relationships and competition between K and Ca in
their uptake or use by tobacco could be a reason for
this manner [8]. Elliot [6] and Gu et al. [9] observed
that the K application reduced Ca content in cured
leaf. The comparison of means of treatments on Mg
content showed that maximum level of Mg observed
in T1 treatment which K fertilizer was not added
(table 3). Some studies were reported that Mg
absorption by tobacco plants decreased by K [12,
14]. Furthermore, Split application of K had not any
significant effect on Mg content. Therefore,
application of 100 kg.ha-1 K2O would be useful indecreasing of Mg content within leaf tissues of
tobacco.
Effects of potassium fertilizer on chemical
quality parameters and yield
The results of ANOVA for treatments showed
that rates and split application of K fertilizer had
significant effect (p < 0.05) on dry weight, nicotine
and yield and significant effect (p < 0.01) on sugar
and quality index, but, rates and split application of
K fertilizer had not any significant effect on wet
weight of leaves and Cl (table 4). The comparison of
mean for treatments on dry weight of leaves showed
that the treatment of T1 had minimum (0.8 kg) level
of dry weight of leaves. Increasing K level, there
was an increase in N content of cured leaf (table 3),
which caused increasing of dry weight and area of
leaves. Rates and split application of K fertilizer had
not any significant effect on dry weight of leaves.
Therefore, application of 100 kg ha-1 K2O would be
adequate for increasing of dry weight of leaves. The
results of this study was similar with results of
former study by Farrokh et al. [7] that showed that
application of 200 kg.ha-1 potassium fertilizer had
significant effect on yield of dry leaf, whereas it had
not any significant effect on yield of wet leaf.
Although leaf reducing sugars concentration
was not affected by rates and split application of K
fertilizer, but they had significant different with
control treatment (T1) and minimum (81.8 g/kg)
content of reducing sugars concentration observed
in T1 treatment. Maw et al. [17] and Nagarajan and
Prasadrao [21] expressed that the optimum level of
sugar percentage in the leaves of flue-cured tobacco
plant is between the ranges of 10 - 26% and 15 -
25% respectively.
Therefore, this level of sugar percentage leads
to weak quality of tobacco leaves and will decrease
its economical value. The comparison of mean for
treatments on nicotine of leaves showed that control
treatment (T1) had maximum (38.2 g/kg) content of
nicotine. Nicotine concentration is a key index for
evaluating the quality of tobacco, and is closely
correlated with the amount of nitrogen (N) supplied,
since N is 17.3% of the molecular weight of nicotine
[5]. T1 treatment had minimum content of N and the
lowest amount of nicotine would be expected, While
T1 treatment had maximum content of nicotine and
T9 with high amount of N had minimum content of
nicotine. This object can be related with increasing
of dry weight, increasing of area of leaves and
dilution of nicotine in the leaves [18, 19]. Some
studies [12, 6] were reported that Nicotine content
of cigarette smoke decrease with increases in K
rates. Leggett et al. [14] were reported that K
application to burley tobacco may reduce the health
hazards of cigarette smoke. Singh [25] represented
the optimum level of nicotine percentage in the flue-
cured tobacco plant between 1.2 – 3.6%, However,
the nicotine percentage in all the treatments was
similar to the optimum level that was introduced by
Singh [25], except T1 treatment that had highest
contents of nicotine (table 4).
The results of comparison of mean for
treatments on quality index of leaves showed T1
treatment had minimum price, but application of K
fertilizer promoted the price of leaves. The results of
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this study were confirmed result of San Valentine, et
al. [24]. Furthermore, rates and split application of
K fertilizer had not any significant effect on price of
leaves. Hu et al., [11] were reported that the flue-
cured tobacco average price, ratio of mid-high grade
leaves, output value, and other economic benefit
parameters were all increased with increased K
fertilizer rate. The comparison of mean for
treatments on yield of leaves showed that T1
treatment had minimum yield (1061 kg), but it had
not any significant difference with T2, T3 and T4
treatments (treatments with application of 100 kg/ha
K2O). Rates and split application of K fertilizer had
not any significant effect on yield of leaves.
Zhengxiong et al. [26] were reported that yield and
quality of flue-cured tobacco are greatly affected by
fertilization and especially by nitrogen (N) and
potassium (K) supplies.
Table 3. Results mean comparison and analysis of variance (ANOVA) of effects of potassium fertilizer and its
distribution in stages of cultivation on nutrient composition
Nutrient (g.kg-1)Treatments N K Ca Mg
T1 14.8 c 13.0 c 13.70 a 6.42 a
T2 15.3 bc 13.8 bc 13.50 ab 5.54 ab
T3 15.4 b 13.7 bc 13.45 ab 5.50 ab
T4 15.6 ab 13.9 b 13.40 abc 5.65 ab
T5 15.5 ab 14.2 b 13.10 abcd 5.43 b
T6 15.9 ab 14.2 b 13.00 bcd 5.46 ab
T7 16.0 ab 14.0 b 13.30 abc 5.53 ab
T8 15.6 ab 14.2 b 12.75 cd 5.19 b
T9 16.0 ab 15.0 a 12.60 d 5.33 b
T10 16.3 a 14.1 b 13.07 abcd 5.21 b
S.O.V. df. Significant level
Replicate 2 ns ** ** **
Treatment 9 * * ** ns
Error 18 0.001 0.001 0.001 0.000
CV (%) 4.62 2.17 2.44 2.52
ns,* and ** is nonsignificant, significant at 0.05 and 0.01, respectively; df.- degree of freedom; CV- coefficient of variation, Means,
in each column, with similar letters are not significantly different at the 0.05 probability level using Duncan multiple range test.
Table 4. Results mean comparison and analysis of variance (ANOVA) of effects of potassium fertilizer and its
distribution in stages of cultivation on chemical quality parameters and yield
Treatments Dry weight(kg.ha-1)
Reducing Sugar
(g.kg-1)
Nicotine
(g.kg-1)
Quality Index
(Rials)
Yield
(kg.ha-1)
T1 0.8 b 81.8 d 38.2 a 6530 c 1061 b
T2 0.925 ab 85.5 cd 34.7 bc 8328 ab 1220 ab
T3 0.916 ab 90.2 bcd 36.2 ab 8582 ab 1213 ab
T4 0.93 ab 97.4 bcd 34.9 b 8116 b 1231 ab
T5 0.97 a 95.3 bcd 33.2 bc 8423 ab 1286 a
T6 1.033 a 96.3 bcd 33.5 bc 8002 b 1372 a
T7 0.976 a 105.9 abcd 34.8 b 7764 b 1293 a
T8 0.991 a 108.0 abc 32.9 bc 8391 ab 1317 a
T9 0.998 a 124.7 ab 30.8 c 9555 ab 1325 a
T10 1.054 a 112.6 ab 32.0 bc 8169 b 1279 a
S.O.V. df Significant level
Replicate 2 ns * ns ns ns
Treatment 9 * ** ns * **
Error 18 7.99 43.0 0.02 0.002 0.03
CV (%) 11.21 8.05 0.24 2.55 5.41
ns,* and ** is nonsignificant, significant at 0.05 and 0.01, respectively; df.- degree of freedom; CV- coefficient of variation, Means,
in each column, with similar letters are not significantly different at the 0.05 probability level using Duncan multiple range test.
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4.Conclusions
The results of this study showed that
application of K fertilizer had significant effect on
leaves nutrient composition. Application of K
fertilizer significantly increased N and K of leaves
and significantly decreased Ca and Mg of leaves,
but it had any significant effect on P. Furthermore,
increasing K fertilizer application could increase
economic benefits of flue-cured tobacco by
enhancing yield, but it reduced quality of tobacco
behalf decrease of nicotine. However, increasing K
fertilizer in soil caused quality index of tobacco
increased that it can be related with better growth of
tobacco. In general, the effect of K fertilizer on yield
and quality characteristics of tobacco was not
dependent on split application of K fertilizer.
However, further studies are needed to determine
optimal rates of K fertilizer for proper growth and
production of tobacco.
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